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Optimized Driver Layout for Integrated Circuits 
With Staggered Bond Pads 

Field Of The Invention 

The present invention pertains to the field of computer systems. More 
5 particularly, this invention pertains to the field of integrated circuits with staggered bond 
pads. 

Background of the Invention 

Figure 1 shows a cross-sectional view of a portion of a typical ball grid array 

10 semiconductor device 100. Among the components of the typical ball grid array 

semiconductor device 100 is a die 110. The die 1 10 is coupled to a lead frame 120 via a 
bond wire 115. Although only a single bond wire is shown in figure 1, a typical 
semiconductor device may include dozens or hundreds of such bond wires. The lead 
frame 120 provides electrical pathways from the bond wires to the solder balls 140. 

15 Although this example shows only three solder balls, a typical ball grid array 

semiconductor device may include dozens or hundreds of such solder balls. A solder 
mask 150 provides electrical isolation between the various solder balls 140. The entire 
assembly is encapsulated in a plastic casing 130. 

Figure 2 is a block diagram of a portion of a prior integrated circuit die with 

20 staggered bond pads. The staggered bond pads are represented by blocks 210 through 
217. The bond pads are arrayed in close proximity to the edge of the die (indicated by 
line 260). Although only eight bond pads are depicted in figure 2, a typical prior 
integrated circuit with staggered bond pads may include hundreds of such bond pads. 
The bond pads 210 through 217 when assembled into a complete semiconductor device 

25 would be connected to a lead frame via bond wires, as seen in the example of figure 1. 
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The bond pads 210 through 217 are electrically coupled to a series of driver/ESD 
circuit cells 220 through 227. The term "ESD" refers to "electrostatic discharge". The 
driver/ESD cells 220 through 227 provide drive strength for output signals, receive input 
signals, and also provide ESD protection. The driver/ESD cells 220 through 227 are 
5 coupled to the bond pads 210 through 217 via metal connections. Two of the metal 
connections are labeled 240 and 247. Metal connection 240 connects bond pad 210 to 
driver/ESD cell 220, and metal connection 247 connects bond pad 217 to driver/ESD cell 
227. The driver/ESD cells 220 through 227 are connected to a series of pre-driver cells 
230 through 237. These cells serve to couple the driver/ESD cells with the circuitry 

10 located at the die core. 

Because the bond pads 210 through 217 are arranged in a staggered array, with an 
inner ring including bond pads 211, 213, 215, and 217 and with an outer ring including 
bond pads 210, 212, 214, and 216, the metal connections to the outer ring bond pads must 
be routed between the inner ring bond pads. 

15 It is often advantageous for a semiconductor device manufacturer to reduce the 

size of a die in an effort to produce more devices per wafer, thus reducing manufacturing 
costs per device. If the number of bond pads on the die is not to decrease, then the bond 
pads must be placed in closer proximity one to another when the size of the die is 
reduced. This, in turn, results in a more narrow metal connection between the driver/ESD 

20 cells and the bond pads in the outer ring. Also, the width of the driver/ESD cells is 
reduced. 

Several problems can arise as the width of the metal connections between the 
driver/ESD cells and the bond pads in the outer ring is reduced. A more narrow metal 
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connection results in greater electrical resistance. The narrow connection may not be able 
to handle large currents that may occur as a result of an ESD event. The narrow metal 
connection may also experience electro-migration, which is a gradual erosion of the metal 
resulting in eventual circuit failure. One potential solution to the narrow metal 
5 connection problem may be to route additional metal on layers below the inner row of 
bond pads, but this potential solution raises a manufacturing problem of dielectric 
material that is typically deposited between metal layers cracking below the bond pads 
during installation of the bond wires. 

In addition to the problems raised due to a reduction in width of the metal 
10 connections between the driver/ESD cells and the bond pads in the outer ring, a reduction 
in the width of the driver/ESD cells may make implementation of ESD protection 
structures within the driver/ESD cells more problematic. 
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Brief Description of the Drawings 

The invention will be understood more fully from the detailed description given 
below and from the accompanying drawings of embodiments of the invention which, 
however, should not be taken to limit the invention to the specific embodiments 
5 described, but are for explanation and understanding only. 

Figure 1 is a cross-sectional view of a typical ball grid array semiconductor 

device. 

Figure 2 is a block diagram of a portion of a prior art semiconductor die. 
Figure 3 is a block diagram of a portion of an embodiment of a semiconductor die 
10 configured in accordance with the invention. 

Figure 4 is a flow diagram of an embodiment of a method for optimizing driver 
layout for integrated circuits with staggered bond pads. 
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Detailed Description 

An embodiment of an integrated circuit die with staggered bond pads and 
optimized driver layout includes a staggered array of bond pads with an outer ring of 
bond pads and an inner ring of bond pads. Driver/ESD circuit cells for the outer ring of 
5 bond pads are located to the outside of the bond pads (between the outer ring of bond 
pads and the nearest die edge). The driver/ESD cells for the inner ring of bond pads are 
located to the inside of the bond pads. 

Figure 3 is block diagram of an embodiment of a staggered bond pad integrated 
circuit die 300 with optimized driver layout. The die 300 includes pre-driver/receiver 

10 circuit cells 330 through 337. The pre-driver/receiver cells 330 through 337 provide 

communication between the die core and a series of driver/ESD circuit cells 320 through 
327. The driver/ESD circuit cells 320 through 327 provide drive strength, receive 
incoming signals, and provide ESD protection. The driver/ESD circuit cells 320 through 
327 are coupled to bond pads 3 10 through 3 17. The driver/ESD circuit cells and the bond 

15 pads are connected via a series of metal connections, two of which are labeled 340 and 
347. Although only eight bond pads, eight driver/ESD cells, and eight pre-driver/receiver 
cells are shown in figure 3 in order to avoid obscuring the invention, embodiments of the 
invention are possible with many more bond pads, driver/ESD cells, and pre- 
driver/receiver cells. Further, the driver/ESD cells 320 through 327 are meant to 

20 represent a broad range of possible input/output cell circuits. 

The driver/ESD cells 320, 322, 324, and 326 are located to the outside of the bond 
pads 310 through 317. That is, the driver/ESD cells 320, 322, 324, and 326 are located 
between the bond pads 310, 312, 314, and 316 and the die edge 360. This driver/ESD 
cell layout has the advantage of allowing the metal connections between the bond pads 

25 3 10, 3 12, 3 14, and 3 16 and their associated driver/ESD cells 320, 322, 324, and 326 to be 
as wide as the metal connections between the bond pads 311, 323, 325, and 327 and their 
associated drive/ESD cells 321, 323, 325, and 327. These metal connections may have a 



width of 80 microns, although other embodiments are possible with other metal 
connection widths. The driver/ESD layout of this example embodiment also allows the 
driver/ESD cells to have widths greater than those possible with prior integrated circuits. 
The pre-driver/receiver cells 330 through 337 are electrically connected to the 
5 driver/ESD cells 320 through 327 by way of a series of electrically conductive paths, two 
of which have been labeled in figure 3 as 350 and 357. These electrically conductive 
paths may have a width of approximately 1 to 2 microns, although other embodiments are 
possible with other widths. The electrically conductive paths connecting pre- 
driver/receiver cells 330, 332, 334, and 336 to driver/ESD cells 320, 322, 324, and 326 

10 may be routed between the bond pads 3 10 through 3 17 and between the driver/ESD cells 
321, 323, 325, and 327. It is also possible to route these electrically conductive paths on 
another layer underneath the driver/ESD and bond pad structures. Because the 
electrically conductive paths between the pre-driver cells 330, 332, 334, and 336 and the 
driver/ESD cells 320, 322, 324, and 326 are relatively narrow, perhaps 1 or 2 microns in 

15 width, the electrically conductive paths may be routed underneath the bond pads without 
creating an additional risk of cracking inter layer dielectric material during installation of 
bond wires. Further, although figure 3 shows only one electrically conductive path 
between each pre-driver/receiver cell and its associated driver/ESD cell, other 
embodiments are possible with more than one electrically conductive path between each 

20 pre-driver/receiver cell and its associated driver/ESD cell. 

Figure 4 is a flow diagram of an embodiment of a method for optimizing driver 
cell layout in a staggered bond pad integrated circuit. At step 410, a plurality of bond 
pads on a die are configured into an array. At step 420, a first plurality of driver cells are 
placed to the outside of the plurality of bond pads. That is, the first plurality of driver 

25 cells are situated between the bond pads and the nearest edge of the die. At step 430, a 
second plurality of driver cells are placed to the inside of the plurality of bond pads. That 
is, the second plurality of driver cells are situated between the bond pads and the die core. 



In the foregoing specification the invention has been described with reference to 
specific exemplary embodiments thereof. It will, however, be evident that various 
modifications and changes may be made thereto without departing from the broader spirit 
and scope of the invention as set forth in the appended claims. The specification and 
5 drawings are, accordingly, to be regarded in an illustrative rather than in a restrictive 
sense. 
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Claims 

What is claimed is: 

L An apparatus, comprising: 

a plurality of bond pads configured in an array; 

a first plurality of driver cells located to the outside of the plurality of bond pads; 

and 

a second plurality of driver cells located to the inside of the plurality of bond pads. 

2. The apparatus of claim 1, wherein the plurality of bond pads are configured in 
a staggered array. 

3. The apparatus of claim 2, further comprising a plurality of pre-drive cells 
located to the inside of the second plurality of driver cells. 

4. The apparatus of claim 3, wherein the plurality of bond pads are configured in 
a staggered array including an inner ring and an outer ring of bond pads. 

5. The apparatus of claim 4, further comprising a plurality of metal connections, 
each of the plurality of metal connections to couple one of the first and second pluralities 
of driver cells to one of the plurality of bond pads. 

6. The apparatus of claim 5, further comprising a plurality of conductive 
interconnects, each of the plurality of pre-driver cells coupled to one of the first and 
second pluralities of driver cells by at least one of the plurality of conductive 
interconnects. 
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7. The apparatus of claim 6, each the plurality of conductive interconnects 
substantially more narrow in width than each of the plurality of metal connections. 

8. The apparatus of claim 7, the first and second pluralities of driver cells each 
having a width of approximately 80 microns. 

9. A semiconductor device, comprising: 
a die including 

a plurality of bond pads configured in an array, 
a first plurality of driver cells located to the outside of the plurality of 
bond pads, and 

a second plurality of driver cells located to the inside of the plurality of 
bond pads; and 

a lead frame including a plurality of lead fingers, the plurality of lead fingers 
coupled the plurality of bond pads by a plurality of bond wires. 

10. The semiconductor device of claim 9, wherein the plurality of bond pads are 
configured in a staggered array. 

11. The semiconductor device of claim 10, further comprising a plurality of pre- 
drive cells located to the inside of the second plurality of driver cells. 

12. The semiconductor device of claim 11, wherein the plurality of bond pads are 
configured in a staggered array including an inner ring and an outer ring of bond pads. 
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13. The semiconductor device of claim 12, further comprising a plurality of metal 
connections, each of the plurality of metal connections to couple one of the first and 
second pluralities of driver cells to one of the plurality of bond pads. 

14. The semiconductor device of claim 13, further comprising a plurality of 
conductive interconnects, each of the plurality of pre-driver cells coupled to one of the 
first and second pluralities of driver cells by at least one of the plurality of conductive 
interconnects. 

15. The semiconductor device of claim 14, each the plurality of conductive 
interconnects substantially more narrow in width than each of the plurality of metal 
connections. 

16. The semiconductor device of claim 15, the first and second pluralities of 
driver cells each having a width of approximately 80 microns. 

17. A method, comprising: 

configuring a plurality of bond pads on a die in an array; 

placing a first plurality of driver cells to the outside of the plurality bond pads; and 
placing a second plurality of driver cells to the inside of the plurality of bond pads. 

18. The method of claim 17, wherein configuring the plurality of bond pads in an 
array includes configuring the plurality of bond pads in a staggered array. 

19. The method of claim 18, further comprising placing a plurality of pre-driver 
cells to the inside of the plurality of bond pads. 
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20. The method of claim 19, further comprising electrically coupling each of the 
plurality of pre-driver cells to one of the first and second plurality of driver cells. 



21. The method of claim 20, further comprising connecting each of the plurality 
of bond pads to one of a plurality of lead fingers on a lead frame. 
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ABSTRACT OF THE DISCLOSURE 



An embodiment of an integrated circuit die with staggered bond pads and 
optimized driver layout includes a staggered array of bond pads with an outer ring of 
bond pads and an inner ring of bond pads. Driver/ESD circuit cells for the outer ring of 
bond pads are located to the outside of the bond pads (between the outer ring of bond 
pads and the nearest die edge). The driver/ESD cells for the inner ring of bond pads are 
located to the inside of the bond pads (between the inner ring of bond pads and the die 
core). 
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dealing with the Office, which includes a duty to disclose to the Office all information known to that individual 
to be material to patentability as defined in this section. The duty to disclosure information exists with respect 
to each pending claim until the claim is cancelled or withdrawn from consideration, or the application becomes 
abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material 
to the patentability of any existing claim. The duty to disclosure all information known to be material to 
patentability is deemed to be satisfied if all information known to be material to patentability of any claim 
issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§1 .97(b)-(d) 
and 1 .98. However, no patent will be granted on an application in connection with which fraud on the Office 
was practiced or attempted or the duty of disclosure was violated through bad faith or intentional misconduct 
The Office encourages applicants to carefully examine: 

(1) Prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest information over which individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, to make sure that any material information 
contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made or record in the application, and 

(1 ) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim 
its broadest reasonable construction consistent with the specification, and before any consideration is given to 
evidence which may be submitted in an attempt to establish a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1 ) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 



(d) Individuals other than the attorney, agent or inventor may comply with this section 
disclosing information to the attorney, agent, or inventor. 



